abstract Reproduction is one of the most important factors affecting the efficiency of animal production. Within the scope of uterine capacity and other morphometric parameters, the objective of this study was to evaluate the size variability of uterus dissected from prepubertal gilts. The research was conducted on 100 PLW gilts and 100 PL gilts at a pig testing station. After slaughter, the reproductive tract was dissected, and each element was measured and weighed. The obtained results were combined and analyzed in three groups differentiated by uterine capacity: I, II and III. Group I consisted of gilts with a uterine capacity below 115 cm 3 (n=69); group II comprised gilts with a uterine capacity between 115 and 175 cm 3 (n=85); uterine capacity in group III was above 175 cm 3 (n=46). Ontogenesis of the reproductive tract showed great variability with respect to the uterine capacity of gilts of both breeds. Uterine weight with and without ligament was different between the analyzed groups of PLW gilts (P<0.01), and also between the groups of PL gilts (P<0.01; P<0.05). The uterine horns of the PLW gilts in group I were slightly longer than in the PL gilts (90.76 cm vs. 84.20 cm; P<0.05). A slightly higher variability of uterine capacity was observed with respect to the PLW gilts (80.92 cm 3 to 243.13 cm 3 ), as compared with the PL gilts (92.61 cm 3 to 235.23 cm 3 ). The determined uterine capacity was significantly correlated with all parameters of uterine size (P<0.01), apart from the length of the uterus and cervix in PLW gilts. The proportion between the uterine weight and the length of its horns, which characterizes the thickness of uterine walls, was significantly correlated with the length of uterine horns only in PL gilts (r=0.382**). This study may be used to forecast the potential fertility of related females (littermate gilts and their daughters); it may also be used in sow selection for litter size.
criteria of selection for increased litter size might be reasonable and necessary (Lents et al., 2014; Freking et al., 2007; . In Polish breeding practice, a representative part of the female pig population is controlled at slaughter testing stations (Różycki and Tyra, 2010) . This provides an opportunity to obtain at slaughter the reproductive organs of tested gilts for detailed analysis. Determining at an early age in gilts the development stage of the reproductive tract, in particular the uterine capacity, seems worth doing to forecast the possible fertility of related littermate females when used as replacement gilts. The measurable parameters of the uterus such as its weight, length of horns, length of cervix and physiological capacity may provide the correct placement and easy development of embryos and fetuses. Vallet et al. (2014) indicate that litter size and piglets' body weight at birth are limited by the capacity of the uterus. Uterine capacity has been defined as a combined effect of uterine, placental and embryonic/fetal function. Recent studies by Vallet et al. (2016) illustrate that total uterine length is positively related to piglet birth weight, but not to preweaning growth rate. In turn, in Vallet et al.'s study, uterine length increased by approximately 100 cm during the gravidity period. Adequate uterine capacity also determines proper development of the placenta (Bartol et al., 1993; Mesa et al., 2003) . Placental efficiency is important for the healthy development of newborn piglets due to the transport of nutrients; however, the growth of the fetus is not fully dependent on placental size, especially during early gestation (Vallet et al., 2014) . Wright et al. (2016) reported that the growth and expansion of the placenta is necessary to establish space in the uterus for nutrient exchange and vascular development. The results of studies carried out by Wu and Dziuk (1989) as well as Wu et al. (1987) indicate that there is a relation between the morphometric traits of the uterus and embryo/fetus death during pregnancy. Foxcroft et al. (2006; 2009) also noted the above and stated that the reasons for embryo death and deterioration of reproduction effects may be related to the insufficient size of the uterus and the inability to deliver nutrients to fetuses due to increased density of fetuses in the uterus. Therefore, studies which pertain to the shaping of morphometric traits of gilts' reproductive tract have also become significant in terms of improvement of production effects (Kapelański et al., 2013 a) .
The purpose of this paper was to study and compare the variability of uterine morphometric parameters of sexually immature gilts of two common pig breeds in Poland: the Polish Large White (PLW) and the Polish Landrace (PL). The data will be used in future to forecast the possible fertility of littermate females used as replacement gilts.
Material and methods

Animals
The study comprised 200 gilts (100 of each breed) of the two most common breeds in Poland: the Polish Large White (PLW) and the Polish Landrace (PL). Gilts were chosen in a controlled way and were maintained and fed according to norms adopted by Polish Slaughter Pig Testing Stations (Polish abbreviation, SKURTCh), according to the methodology elaborated by Różycki and Tyra (2010) . When the animals reached a body weight of approximately 100 kg, they were slaughtered, and their complete reproductive tracts were extracted for assessment. The experimental procedures were approved by the Local Ethics Committee, No. 21/2008.
After dissection of the reproductive tract, the weight of the uterus with and without the broad ligament was determined. Moreover, measurements of the length of the uterus, cervix and uterine horns (right and left) were taken; volumetric capacity of the uterus was measured by filling it with physiological saline solution which was measured according to the methodology described by Kapelański et al. (2013 b) . The proportion between the weight of the uterus without the broad ligament and the length of its horns (g/cm) was calculated; this roughly characterizes the thickness of the uterine walls.
Statistical analysis
The data were analyzed separately for each of the two breeds and were statistically compared between them. In respect to uterine capacity, all gilts were assigned to three groups according to internal volume. Group I consisted of gilts with a uterine capacity below 115 cm 3 (n=69); group II comprised gilts with a uterine capacity of 115 cm 3 to 175 cm 3 (n=85); group III consisted of gilts with a uterine capacity above 175 cm 3 (n=46). The results were analyzed statistically. Data were given as the arithmetic means ± standard deviations. To estimate the variability and reciprocal connections between the morphometric parameters of the reproductive organs of PLW and PL gilts, a twofactor analysis of variance was conducted according to the model:
where:
y ijk -trait measured on ijk-th animal, μ -overall mean, m i -fixed effect of i-th uterine capacity (i = I -< 115 cm 3 , II -115-175 cm 3 , III > 175 cm 3 ), w j -fixed effect of j-th breed (j = PLW -Polish Large White, PL -Polish Landrace), e ijk -random error.
The mean values were compared with the LSD test. Additionally, the linear relationships between the morphometric traits of the reproductive organs of the PLW and PL gilts were calculated. For calculations, the STATISTICA Version 8 software package (StatSoft, 2008) was used.
Results
Results of measurements of respective segments of the reproductive tract of gilts are presented in Table 1 . These measurements pertained to the weight of the uterus with and without the broad ligament, and the length of the uterus, cervix and uterine horns. Regardless of the average weight of 100 kg and the similar age of animals at slaughter, the size of the uterus and its particular elements varied greatly. This suggested that there should be three groups of gilts, I, II and III, which differed in uterine capacity (P<0.01). The size and proportions of particular segments of the reproductive tract of PLW and PL gilts were very similar within the scope of each evaluated group of gilts (I, II and III). However, in gilt group I, the uterine horns in PLW gilts were slightly longer than in PL gilts (90.76 cm vs. 84.20 cm; P<0.05). Also, a slightly higher variability of uterine development in terms of uterine capacity was observed with respect to PLW gilts (80.92 cm 3 to 243.13 cm 3 ) as compared with PL gilts (92.61 cm 3 to 235.23 cm 3 ). The differences between the breeds concerning uterine capacity were not statistically significant.
Correlations between the studied morphometric measurements of the reproductive tract of gilts are presented separately for each breed ( Table 2 ). The highly significant correlation coefficients indicate an intimate relation between uterine capacity, uterine weight, and the length of the horns. Analysis of Table 2 shows that the interrelations between the studied parameters (including body weight) are slightly stronger for PL gilts than PLW gilts. This pertains to a visible dependence between the calculated proportion between the weight of the uterus and the length of its horns (g/cm), which characterizes the thickness of the uterine walls. While this property was not significantly correlated with the length of uterine horns in PLW gilts, these correlations were statistically highly significant (P<0.01) in PL gilts. The uterine capacity significantly correlated with all parameters of uterine size (P<0.01), apart from the length of the uterus and the cervix in PLW gilts.
discussion
Detailed characteristics of uterus size in gilts immediately before reaching sexual maturity constitute unique reference material for evaluating the ontogenesis of the reproductive tract and its variability in two common breeds, i.e. the Large White and the Landrace. A considerable amount of information in the literature indicates that the size of the uterus, in particular its horns, is of paramount importance as far as formation of large litters is concerned (Wu and Dziuk, 1989; 1995; Vallet, 2000; Foxcroft et al., 2009; Lents et al., 2014; Freking et al., 2016) .
It will be stressed here that the term 'uterine capacity' as used by many authors (Bazer et al., 1969; Vallet, 2000; Vallet and Freking, 2005; Foxcroft et al., 2009) relates indirectly to the uterus' ability to create the environment needed for implantation of embryos, delivery of nutrients to fetuses, and ample space during pregnancy. Instead, we determined the real internal uterine space with the aid of a method that can measure the volumetric capacity of cavernous organs (Brudnicki et al., 2001; Kapelański et al., 2013 b) . Thereby, the term 'uterine capacity' as used by us refers to the internal size of this organ. Therefore, it is possible that our data represents better conditions and greater reproductive potential to increase litter size.
The usefulness of measuring the length of the vagina and cervix when mating sows for the first time has been experimentally proved in terms of fertility forecast-ing (Rillo et al., 2001; Dybała et al., 2004) . Gilts with longer reproductive tract had larger litters.
As was evaluated by us, the physiological uterine capacity of sexually immature gilts may be used to forecast their potential fertility (Vallet and Freking, 2005) . This is indicated by, for instance, the observations of Ji et al. (2005) , who demonstrated a linear increase in the weight of the uterus and placenta between the 70th and 112th day of pregnancy. Therefore, one may conclude that a greater uterine capacity at the moment of mating guarantees less frequent embryo and fetus death during pregnancy and, as a consequence, more newborn piglets. Such an opinion is supported by the results of studies carried out by Gama and Johnson (1993 ), Freking et al. (2007 and Lents et al. (2014) , who demonstrated an advantageous connection between the size of ovulation, uterine capacity, the dimensions of the uterus and the size of a litter. The length of uterine horns determines the possibility of implantation of embryos. In the opinion of Chen and Dziuk (1993) and Wu and Dziuk (1995) pig fetuses require at least 36 cm initial length of uterus to implant, survive and develop fully during gestation.
It should be highlighted that measurement of the proportions between the weight of the uterus and the length of its horns is extremely useful as an indicator characterizing the thickness of uterine walls. This indicator was significantly correlated with the length of uterine horns only with respect to PL gilts, which, as compared with PLW gilts, showed greater rugosity and better endometrial perfusion in morphological and histological assessments (Kapelański et al., 2012 ). An increased proportion between uterine weight and length may suggest a greater capability of the uterus to placenta development and in consequence, an improved communication between fetuses and the intrauterine environment during gestation and their greater survival rate. Insufficient placenta development is one cause of low pig reproduction efficiency (Mesa et al., 2003; Van Rens et al., 2005; Wright et al., 2016) . The proportion between the weight of the uterus without the broad ligament and the length of its horns was significantly positively correlated with uterine capacity.
Conclusion
Our morphometric examinations of the reproductive tract of gilts which have not reached sexual maturity provide an abundance of information about the development of the organ and formation of mutual anatomic proportions. They can also be used, presumably, to forecast the potential fertility of related females (littermate gilts and their daughters), or to facilitate directed sow selection for litter size. 
